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Abstract 
    The BSC system of FBTR at Kalpakkam, India, is meant for maintaining the integrity of the concrete 
that surrounds the reactor vessel. Demineralized water is circulated through the BSC coils that are 
embedded in the concrete to maintain the concrete temperature below 800C. Water leak of 18 l/h from 
A3 sub loop of BSC system was first observed In Aug 2000. The chemical sealants required were 
developed at BARC and the methodology at IGCAR and using this, four leaking sub-loops of BSC 
system were sealed during 2007-2008 remotely. This paper details the salient features of this remote 
leak sealing technology.  
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1. Introduction 
    The fast breeder test reactor (FBTR) at Kalpakkam, Tamilnadu, India, is a 40 MW sodium cooled, 
mixed carbide fuelled nuclear test reactor. The reactor vessel is housed inside the A1 cell that is 
shielded by bottom and lateral shielding constituted of borated concrete as inner shield and structural 
block of ordinary concrete as outer shield. The neutrons, core capture gammas and gammas from 
sodium 24 and activation products are held within the Borated concrete shield. The leakage neutrons 
from reactor are slowed down by water molecules, both bound and free, present in the borated concrete 
and boron captures the neutrons. Structural concrete with 900mm thickness provides further shielding 
against gammas and takes the load of block pile.  
    Demineralised (DM) water, circulated in an embedded cooling circuit within the borated concrete, 
cools the borated concrete maintaining the temperature of the concrete at less than 800C.  The bulk of 
the heat generated due to nuclear reactions is within first 400 mm from inside surface of borated  
concrete and consequently, the temperature of structural concrete surrounding the borated concrete 
remains less than 600C and hence, no cooling provision is made for structural concrete. Apart from 
keeping the concrete temperature below 800C, the cooling circuit called BSC circuit also serves as a 
heat sink for removal of decay heat from core when safety vessel is flooded with sodium following 
rupture of reactor vessel or the inlet pipe and their double envelope. An  estimated heat load of 300 
KWt is removed by the circuit under this condition. 
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2. BSC leaks 
    There are 12 sub-loops (A1 to A6 and B1 to B6) divided into six sectors; each sub-loop having 15 
embedded pipes (20 NB Sch-80, ASTM A-53 grade B pipe having inner diameter of 23mm with wall 
thickness 4.5mm) as shown in Fig.1.  The headers of the sub-loop enter through the structural concrete, 
the 30 mm gap and then the borate concrete. At the reactor power of 50 MWt, estimated heat load due 
to thermal radiation from reactor is 50 KWt and due to neutron and gamma induced reactions is 50 
KWt. For removal of total heat load of 100 kW, 6 sub loops comprising 90 coils are sufficient.  Hence, 
at least one sub loop in each of the six sectors should be functional in order to maintain the concrete 
temperature within limits. The other sub-loop in a sector acts as a standby.  An expansion tank riding 
over the system is provided with a digital level indicator with an accuracy of 1 mm corresponding to 
280 ml of water leak from the system. DM water with pH 8.5-9 is circulated at 30m3/h and 2.9kg/cm2. 
The cooling circuit has functioned satisfactorily for more than two decades before the first leak (18 l/h) 
was noticed from A3 sub loop of the BSC system in August, 2000.  In order to locate the leak elevation 
and carry out the leak sealing, the affected sub loop was cut and isolated from the rest of the system. 
Elevation of the leak was identified by using gravity water-fill and air-purge methods.  
 
Fig.1.Schematic of BSC system 
    In gravity water-fill method, the coils of leaky sub loop was isolated and filled with DM water and 
the water level was allowed to stabilize at the elevation of leak after the water above the leak elevation 
leaked out due to gravity.  A transparent PVC tube, connected as a stand pipe in parallel with coils , 
served as the water level indicator.  This test was carried out by connecting the water filling setup to the 
sub loop in B8 cell after removing the drain plug. In air purge method, air pressure was applied through 
a pressure regulator with flow meter above the water level in the leaky coils and the PVC tube provided 
for level measurement.  Air pressure pushed out the water in the leaky coils and the PVC tube above 
the elevation of leak.  When the leak was exposed, there was a sudden jump in air flow and then the 
water level stabilized at a level corresponding to the location of the leak. By noting down the original 
pressure, time and final pressure, time for pressure drop and s ystem volume, the size of the hole was 
calculated. The reason for the observed leaks was studied and found to be due to the crevice corrosion 
leading to the failure of socket weld. For arresting the leaks, remote leak sealing was the only option  
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available as the cooling coils are embedded in the borated concrete and the A1 Cell housing the reactor 
vessel is inaccessible after loading the fuel in the core. The leak mechanism was suspected to be 
crevices existed in the socket joints could have resulted in crevice corrosion that led to the failure of 
socket weld. 
    Remote leak sealing was carried out for A3 and B5 sub loops by a private overseas contractor in 
2001. Two types of sealing formulation were adopted for the above leak sealing.  For leak size of 100 
microns global sealant application and for leak sizes of 500 and 625 microns , a zoric sealant treatment 
consisting of a sealant, resin and hardener combination were chosen. 
3. Indigenous development of leak sealing formulation  
    Subsequently, new leaks developed in May, 2001 affecting the reactor operation .  These new leaks 
were from B5, B4 and B1 sub loops with leak rates of 9 l/h, 0.3 and 0.6 l/h respectively.  The services 
of the M/s NNC was again utilized. However, leaks continued to recur in the following period.  The 
safety committee has stipulated that whenever fresh leaks of more than 9 l/h occur, reactor operation 
has to be suspended and reactor should not be restarted without sealing t he leaks. This is because the 
BSC coils also serve the function of decay heat removal under accidental conditions as mentioned 
earlier. Some of the new leaks observed in A4,A6 and B5 sub loops had leak rate of more than 9 l/h 
and needed immediate sealing.  In the face of the embargos and the recurring leaks encountered in the 
BSC system, it was becoming increasingly difficult to rely on the foreign agencies, and an imperative 
need to find a suitable indigenous sealing method arose.  
    A joint effort was initiated between BARC and IGCAR to identify a suitable, local chemical 
formulation and also develop the procedure for sealing the leaks in FBTR. CTD, BARC developed an 
epoxy formulation and DD, BARC identified the global sealant. Specimens with defects of 100-700 μm 
size were provided by FBTR &IDEAS and trial sealing in lab scale was carried out at BARC.  
    A mockup loop was designed, fabricated, erected and commissioned at FBTR, IGCAR for 
conducting trial sealing of specimens with varying leak sizes with  the indigenous formulations. In the 
mock up loop, supply and discharge header contours are depicted the same as in the existing BSC 
system. Circular holes of 100 to 700μm were made in 20 NB Sch-80, ASTM A-53 grade B pipe having 
inner diameter of 23mm with wall thickness 4.5mm test specimens to simulate the leaks.  Fig.3 shows 
the isometric layout of the mock up loop.  
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Fig.2.Mock up BSC loop 
    Instead of straight portion of the embedded coils, a tes t section is provided. In this section, a pipe 
specimen can be fitted.  Insitu leak sealing of leaky specimen can be accomplished by charging the 
sealant into the sealant container and filling up to the specimen level and pressurizing from the top with 
compressed air to the required pressure of 80 psig.  Provision also exists for circulation of DM water 
through the specimen as it is done in the BSC loop.  Indigenously developed chemical formulation is 
applied to the specimen and after curing, the specimen is removed and subjected to helium leak test. 
The effectiveness of leak sealing is assessed by drop in level in the Expansion Tank to the nearest 1mm 
(60 ml.). To simulate the actual environment around the leak, concrete envelope was provided around 
the leak points of the specimens in the loop. 
    During 2007-2008, many trials were conducted with test specimens  in the mockup loop. Both global 
sealant application and zoric sealant treatment were tested for the test specimens of different leak sizes. 
After gaining sufficient and satisfactory experience with these trials, actual leak sealing of A -4 and A-6 
coils (wherein leaks have developed in the mean time) of BSC loop were carried out.  
4. Leak sealing of BSC sub loop  
    The sealant mix was prepared by mixing sealant powder, resin and hardener in a definite proportion 
in water. The volume of the sealant mix was made up corresponding to one sub loop volume (75 litres). 
The mix was tested for its viscosity and was charged into the loop. Thereafter, the loop was subjected 
to 80 psig pressure for a definite time. The residence time of the mix within the loop was 
predetermined (based on trial experiments)  at the end of which the loop was depressurized and drained 
off the sealant mixture followed with flushing using DM water. The system then was cured for 36 h, 
initially maintaining a positive pressure of 0.5 psig with compressed air for 12 h and remaining 24 h in 
natural air circulation.  The efficacy of the leak sealed sub loop was tested with helium at 80-psig  
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pressure.  The drop in pressure for 1 h is around less than  1 psig confirming the successful sealing of 
the leak. Fig.3 shows the schematic of leak sealing campaign.  
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.The schematic of leak sealing campaign. 
5. Conclusion 
    Remote leak sealing is the only method available for sealing water leaks , if any, observed in the 
biological shield cooling water system of a nuclear reactor.  The chemicals necessary for the sealing are 
identified and an indigenous chemical formulation has been developed. The remote sealing 
methodology has also been developed indigenously and at present leak sizes up to 700μm can be sealed 
remotely using this formulation and method.  The leaking loops (A, A4, A6 and B5) of BSC system of 
FBTR have been successfully sealed in-house. The loops sealed indigenously 2 years before are 
functioning satisfactorily without any water leak or flow reduction till today. This testifies the efficacy 
of the chemical formulation used as well as the methodology developed and adopted.  
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